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2 ( 57 ) Abstract: An exposure apparatus, wherein an exposure of a substrate (P) is carried out by locally filling the image plane side of 
S a projection optical system (PL) with a liquid (50) and projecting an image of a pattern onto the substrate (P) through the projection 
^ optical system (PL) and the liquid (50), comprises a recovery unit (20) for recovering the liquid (50) flowed out of the substrate (P). 
^ With this apparatus, an accurate pattern transfer can be attained by suppressing environmental variations even when a liquid flows 
O out of a substrate during exposure by an immersion method. 
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DESCRIPTION 

EXPOSURE APPARATUS AND DEVICE MANUFACTURING METHOD 

TECHNICAL FIELD 

The present invention relates to an exposure apparatus 
that carries out exposure using a pattern image projected by 
a projection optical system while the image plane side of the 
projection optical system is locally filled with a liquid, and 
to a method of manufacturing a device using the exposure 
apparatus . 

BACKGROUND ART 

Semiconductor devices and liquid crystal display devices 
are manufactured by a so-called photolithography technique, 
according to which a pattern formed on a mask is transferred 
onto a photosensitive substrate. The exposure apparatus used 
in the photolithography process has a mask stage that supports 
a mask and a substrate stage that supports a substrate, and 
a mask pattern is transferred to a substrate through a 
projection optical system while the mask stage and the 
substrate stage are moved sequentially. In recent years, 
there has been an increasing demand for projection optical 
systems that can achieve higher resolutions to address even 
more densely integrated device patterns. The resolution of 
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a projection optical system increases as the exposure 
wavelength is shortened and the numerical aperture of the 
projection optical system increases . Therefore, the exposure 
wavelengths used in the exposure apparatuses have been 
shortened and the numerical apertures of the projection optical 
systems have been increased year after year. The mainstream 
exposure wavelength today is 248 nm by a KrF excimer laser, 
while an even shorter 193 nm by an ArF excimer laser is in the 
process of coming into practical use. During exposure, the 
depth of focus (DOF) is as important as the resolution. The 
resolution R and the depth of focus 5 are represented by the 
following expressions: 

R = ki-AVNA ... (1) 

5 = ±k 2 -X/NA 2 ... (2) 

where X is the exposure wavelength, NA is the numerical aperture 
of the projection optical system, and ki and k 2 are process 
coefficients. As can be understood from Expressions (1) and 
(2) , if the exposure wavelength X is shortened and the numerical 
aperture NA is increased to increase the resolution R, the depth 

of focus 5 is reduced. 

If the depth of focus 8 is reduced too much, it would 
be difficult to match the substrate surface to the image plane 
of the projection optical system, so that the margin during 
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the exposure operation can be insufficient. Therefore, for 
example International Publication No. 99/49504 discloses an 
immersion method as a method of substantially shortening the 
exposure wavelength and increasing the depth of focus. 
According to the immersion method, the space between the lower 
surface of the projection optical system and the substrate 
surface is filled with a liquid such as an organic solvent, 
and the resolution is increased and the depth of focus is 
increased to be about n times as large by taking advantage of 
the fact that the wavelength of the exposure light in the liquid 
becomes 1/n that in the air (n is the refractive index of the 
liquid which is normally about 1.2 to 1.6). 

Meanwhile, this conventional technique is encountered 
with the following disadvantages. According to the 
conventional technique, the liquid is locally filled between 
the lower surface on the image plane side of the projection 
optical system and the substrate (wafer), and the liquid is 
not discharged to the outside of the substrate when a shot 
region in the vicinity of the center of the substrate is exposed. 
However, as shown in the schematic view in Fig. 14, when the 
peripheral region (edge region) E of the substrate P is moved 
to the projection region 100 of the projection optical system 
and the edge region E of the substrate P is to be exposed, the 
liquid is discharged to the outside of the substrate P. If 
the discharged liquid is left unattended, the environment (such 
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as the humidity) in which the substrate P is placed changes, 
which can give rise to changes in the refractive indexes in 
the optical path of the interferometer that measures the 
positional information of the substrate stage that holds the 
substrate P or in the optical paths of the detection light of 
the various optical detectors, and a desired pattern transfer 
precision may not be achieved. The discharged liquid may cause 
rust at mechanical components around the substrate stage that 
supports the substrate P. It would be possible to prevent the 
liquid from being discharged by not exposing the edge region 
E of the substrate P, but the edge region E must be subjected 
to exposure. Otherwise, a different problem is encountered 
that the substrate P as a wafer can unevenly contact the 
polishing surface of a CMP device and cannot be polished well 
in a succeeding step such as a CMP (Chemical Mechanical 
Polishing) processing. Furthermore, once the discharged 
liquid comes into the tube in the vacuum system (suction system) , 
the vacuum pump as a vacuum source could be damaged or broken 
down . 



DISCLOSURE OF THE INVENTION 
The invention has been made in consideration of the 
circumstances and it is an object of the invention to provide 
an exposure apparatus and method that allow a pattern to be 
transferred with a high precision when exposure processing is 
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carried out while a liquid fills between a projection optical 
system and a substrate, and a device manufacturing method using 
such an exposure apparatus. 

In order to achieve the above-described object, the 
arrangements corresponding to Figs. 1 to 13 in the following 
description of embodiments are employed according to the 
invention, but the parenthesized reference numerals represent 
examples of the elements only and are not intended to limit 
the elements. 

According to a first aspect of the invention, an exposure 
apparatus (EX) transfers a pattern image on a substrate (P) 
through a liquid (50) and then carries out exposure to the 
substrate, and the apparatus includes a projection optical 
system (PL) that projects the pattern image on the substrate, 
and a recovery device (20) that recovers the liquid discharged 
to the outside of said substrate. 

According to the invention, the liquid discharged to the 
outside of the substrate if any is not left unattended but is 
recovered by the recovery device. Therefore, the environment 
in which the substrate is placed can be restrained from changing, 
and a problem such as rust at mechanical components around the 
substrate stage supporting the substrate can be prevented. 
Therefore, the substrate can be transferred with a pattern with 
a high precision, and a device with a high pattern precision 
can be produced. 
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According to a second aspect of the invention, an 
exposure apparatus (EX) transfers a pattern image on a 
substrate through a liquid (50) and then carries out exposure 
to the substrate, the apparatus includes a projection optical 
system (PL) that projects the pattern image on the substrate, 
a liquid supply mechanism (1) that supplies the liquid from 
above said substrate, and a recovery device (20) that recovers 
the liquid supplied from said liquid supply mechanism (1) , and 
said recovery device does not recover the liquid from above 
said substrate. 

According to the invention, the liquid can be recovered 
(sucked) other than from above the substrate. Therefore, a 
noise or vibration can be prevented during the exposure 
processing to the substrate. The liquid discharged to the 
outside of the substrate is recovered by the recovery device, 
and therefore the environment in which the substrate is placed 
can be restrained from changing or rust at mechanical 
components can be prevented. Therefore, the substrate can be 
transferred with a pattern with a high precision, and a device 
with a high pattern precision can be produced. 

According to a third aspect of the invention, an exposure 
apparatus (EX) transfers an pattern image on a substrate (P) 
through a liquid (50) and then carries out exposure to the 
substrate, and the apparatus includes a projection optical 
system (PL) that projects the pattern image on the substrate, 
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a suction system (26, 28, 29, 30, 32, 33) that has a suction 
hole (24), and a recovery device (20) that recovers liquid 
sucked through said suction hole. 

According to the invention, if for example discharged 
liquid comes into the suction hole of the suction system, the 
liquid is recovered, so that the liquid can be prevented from 
coming into the vacuum source as the suction source. Therefore, 
if immersion exposure is carried out, the function of the 
suction system is assured, and the substrate can be exposed 
with a high precision pattern to produce a device. 

According to a fourth aspect of the invention, an 
exposure apparatus transfers a pattern image on a substrate 
(P) through a liquid (50) and then carries out exposure to the 
substrate, and the apparatus includes a projection optical 
system (PL) , a substrate stage (PST) that holds said substrate, 
and a recovery device (20) that has at least a part provided 
at said substrate stage and carries out liquid recovery. The 
exposure apparatus according to the invention can prevent the 
environment in which the substrate is placed from changing, 
and a problem such as rust at mechanical components can be 
prevented. 

According to a fifth aspect of the invention, an exposure 
method carries out exposure to a substrate by transferring a 
prescribed pattern image on the substrate using a projection 
optical system, and the method includes supplying a liquid 
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between said projection optical system and said substrate from 
above the substrate, recovering said supplied liquid from a 
position outside the substrate and lower than the substrate, 
and carrying out exposure to said substrate while said liquid 
is supplied and recovered. 

By the exposure method according to the invention, during 
the immersion exposure, the liquid is supplied from above the 
substrate, and the liquid is recovered from below the holding 
position of the substrate, so that a noise or vibration can 
effectively be prevented during the exposure processing to the 
substrate . 

According to the invention, a device manufacturing 
method using the exposure apparatus (EX) according to any one 
of the first to fourth aspects is provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view of an exposure apparatus 
according to one embodiment of the invention; 

Fig. 2 is a view showing the positional relation between 
the tip end portion of a projection optical system, a liquid 
supply device, and a liquid recovery device; 

Figs. 3 and 4 are views of an example of an arrangement 
of supply nozzles and recovery nozzles; 

Fig. 5 is a perspective view of a recovery device 
according to one embodiment of the invention; 
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Fig. 6 is a sectional view of the recovery device 
according to the embodiment showing an essential part being 
enlarged; 

Fig. 7 is a sectional view of a recovery device according 
to another embodiment showing an essential part being enlarged; 

Fig. 8 is a perspective view of a recovery device 
according to yet another embodiment; 

Figs. 9(a) and 9(b) are schematic sectional views of a 
recovery device according to a further embodiment; 

Figs. 10(a) and 10(b) are schematic sectional views of 
a recovery device according to a further embodiment; 

Fig. 11 is a view showing liquid recovery operation by 
a recovery device according to a further embodiment; 

Fig. 12 is a view showing liquid recovery operation by 
a recovery device according to a still further embodiment; 

Fig. 13 is a flowchart for use in illustrating an example 
of a process of manufacturing a semiconductor device; and 

Fig. 14 is a view for use in illustrating a disadvantage 
associated with a conventional technique. 

BEST MODE FOR CARRYING OUT THE INVENTION 
Now, an exposure apparatus and a method 
of manufacturing a device will be described with reference with 
the drawings, while the invention is not limited to the 
description. Fig. 1 is a schematic view of an exposure 
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apparatus according to one embodiment of the present invention. 
First Embodiment 

In Fig. 1, the exposure apparatus EX includes a mask stage 
MST that supports a mask M, a substrate stage PST that supports 
a substrate P, an illumination optical system IL that 
illuminates the mask M supported at the mask stage MST with 
exposure light EL, and a projection optical system PL that 
projects the pattern image of the mask M illuminated by the 
exposure light EL on the substrate p supported by the substrate 
stage PST for exposure, a liquid supply device 1 that supplies 
a liquid 50 onto the substrate P, a recovery device 20 that 
recovers the liquid 50 discharged to the outside of the 
substrate P, and a control device CONT that controls the overall 
operation of the entire exposure apparatus EX. 

Here, the embodiment will be described with reference 
to a scanning type exposure apparatus (so-called scanning 
stepper) as an example of the exposure apparatus EX in which 
a substrate P is subjected to exposure with a pattern formed 
on a mask M while the mask M and the substrate P are moved 
synchronously in the different directions (opposite 
directions) from each other in the scanning direction . In 
the following description, the direction in coincidence with 
the optical axis AX of the projection optical system PL is 
referred to as Z-axis direction, the synchronous moving 
direction (scanning direction) of the mask M and the substrate 
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P in a plane orthogonal to the Z-axis direction is referred 
to as X-axis direction, and the direction orthogonal to the 
Z-axis and X-axis directions (non-scanning direction) is 
referred to as Y-axis direction. The directions around the 
X-axis, Y-axis, and Z-axis directions are referred to as 8X, 
6Y, and 6Z directions, respectively. Here, the "substrate" 
includes a semiconductor wafer coated with resist, and the 
"mask" includes a reticle having a device pattern to be 
projected in a reduced size on the substrate. 

The illumination optical system IL illuminates the mask 
M supported at the mask stage MST with exposure light EL, and 
includes an exposure light source, an optical integrator that 
equalizes the illuminance of an light flux emitted from the 
exposure light source, a condenser lens that condenses the 
exposure light EL from the optical integrator, a relay lens 
system, and a variable field stop that sets an illumination 
region formed by the exposure light EL on the mask M into a 
slit shape. A prescribed illumination region on the mask M 
is illuminated by the illumination optical system IL with the 
exposure light EL in a homogeneous illumination distribution. 
Examples of the exposure light emitted from the illumination 
optical system IL include bright lines in the ultraviolet 
region (g line, h line, i line) emitted from for example a 
mercury lamp, far ultraviolet light (DUV light) such as KrF 
excimer laser light (wavelength: 248 nm) , and a vacuum 
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ultraviolet light (VUV light) such as ArF excimer laser light 
(wavelength: 193 nm) and F 2 laser light (wavelength: 157 nm) . 
The ArF excimer laser light is used according to the embodiment . 

The mask stage MST supports the mask M and can make 
two-dimensional movement or rotate slightly in the 
9Z-direction in a plane orthogonal to the optical axis AX of 
the projection optical system PL, i.e., in an XY-plane. The 
mask stage MST is driven by a mask stage driving device MSTD 
such as a linear motor. The mask stage driving device MSTD 
is controlled by the control device CONT. The two-dimensional 
position and rotation angle of the mask M on the mask stage 
MST are measured in real time by a laser interferometer, and 
the measurement result is output to the control device CONT. 
The control device CONT drives the mask stage driving device 
MSTD based on the result of the measurement result of the laser 
interferometer and positions the mask M supported at the mask 
stage MST. 

The projection optical system PL projects the pattern 

of the mask M at a projection magnification P to the substrate 
P for exposure and includes multiple optical devices (lenses) , 
and these optical devices are supported by a lens barrel PK 
as a metal element. According to the embodiment, the 
projection optical system PL is a reducing system with a 
projection magnification p of for example 1/4 or 1/5. Note 
that the projection optical system PL may be of an equal 
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magnification or magnifying system. An optical device (lens) 
60 is exposed from the lens barrel PK on the side of the tip 
end of the projection optical system PL (on the side of the 
substrate P) . The optical device 60 is provided detachably 
(exchangeably) to the lens barrel PK. 

The substrate stage PST supports the substrate P and 
includes a Z-stage 51 that holds the substrate P through a 
substrate holder, an XY stage 52 that supports the Z stage 51, 
and a base 53 that supports the XY stage 52. The substrate 
stage PST is driven by the substrate driving device PSTD such 
as a linear motor. The substrate stage driving device PSTD 
is controlled by the control device CONT. The position (focus 
position) of the substrate P held by the Z stage 51 in the Z-axis 
direction, and the positions in 6X and 0Y directions are 
controlled by driving the Z stage 51. The position of the 
substrate P in the XY direction (the position in a direction 
substantially parallel to the image plane of the projection 
optical system PL) is controlled by driving the XY stage 52. 
More specifically, the Z stage 51 controls the focus position 
and the inclination angle of the substrate P to match the 
surface of the substrate P to the image plane of the projection 
optical system PL according to the auto-focusing method or auto 
leveling method, so that the XY stage 52 positions the substrate 
P in the X-axis and Y-axis directions. It is understood that 
the Z stage and the XY stage can be provided integrally. 
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A moving mirror 54 that moves together with the substrate 
stage PST relative to the projection optical system PL is 
provided on the substrate stage PST (Z stage 51) . A laser 
interferometer 55 is provided in a position opposed to the 
moving mirror 54. The two-dimensional position and rotation 
angle of the substrate P on the substrate stage PST are measured 
by the laser interferometer 55 in real time and the measurement 
result is output to the control device CONT. The control device 
CONT drives the substrate stage driving device PSTD based on 
the measurement result of the laser interferometer 55 to 
position the substrate P supported by the substrate stage PST. 

According to the embodiment, an immersion method is 
employed in order to improve the resolution by substantially 
shortening the exposure wavelength and to substantially expand 
the depth of focus. Therefore, at least during the period in 
which the pattern image of the mask M is being transferred on 
the substrate P, the space between the surface of the substrate 
P and the tip end surface (bottom surface) 7 of the optical 
device (leins) 60 of the projection optical system PL on the 
side of the substrate P is filled with a prescribed liquid 50. 
As described above, the lens 60 is exposed on the side of the 
tip end of the projection optical system PL, and therefore the 
liquid 50 is supplied to be only in contact with the lens 60. 
In this way, the lens barrel PK made of a metal is prevented 
from being corroded. The tip end surface 7 of the lens 60 is 
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sufficiently smaller than the lens barrel PK of the projection 
optical system PL and the substrate P, and the liquid 50 is 
only in contact with the lens 60 as described above, so that 
the liquid 50 locally fills the image plane side of the 
projection optical system PL. More specifically, the immersed 
part between the projection optical system PL and the substrate 
P is sufficiently smaller than the substrate P. According to 
the embodiment, pure water is used for the liquid 50. The pure 
water can transmit exposure light EL such as bright lines (g 
line, h line, i line) in the ultraviolet range emitted from 
a mercury lamp and far ultraviolet light (DUV light) such as 
KrF excimer laser light (wavelength: 248nm) . 

The exposure apparatus EX includes a liquid supply device 
1 that supplies a prescribed liquid 50 to the space 56 between 
the tip end surface 7 (tip end surface of the lens 60) of the 
projection optical system PL and the substrate P, and a liquid 
recovery device 2 as a second recovery device that recovers 
the liquid 50 in the space 56, i.e., the liquid 50 on the 
substrate P. The liquid supply device 1 is used to locally 
fill the image plane side of the projection optical system PL 
with the liquid 50 and includes a tank that stores the liquid 
50, a pressure pump, and a temperature control device that 
controls the temperature of the liquid 50 supplied to the space 
56. The liquid supply device 1 is connected with one end of 
a supply tube 3, and the other end of the supply tube 3 is 
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connected with a supply nozzle 4. The liquid supply device 
1 supplies the liquid 50 to the space 56 through the supply 
tube 3 and the supply nozzle 4. 

The liquid recovery device 2 includes a suction pump and 
a tank that stores the recovered liquid 50 . The liquid recovery 
device 2 is connected with one end of a recovery tube 6 and 
the other end of the recovery tube 6 is connected with a recovery 
nozzle 5. The liquid recovery device 2 recovers the liquid 
50 in the space 56 through the recovery nozzle 5 and the recovery 
tube 6. When the space 56 is filled with the liquid 50, the 
control device CONT drives the liquid supply device 1 and 
supplies a prescribed amount of the liquid 50 per unit time 
to the space 56 through the supply tube 3 and the supply nozzle 
4 and drives the liquid recovery device 2 to recover a 
prescribed amount of the liquid 50 per unit time from the space 
56 through the recovery nozzle 5 and the recovery tube 6. In 
this way, the liquid 50 is held in the space 56 between the 
tip end surface 7 of the projection optical system PL and the 
substrate P and the immersed part forms. Here, the control 
device CONT can arbitrarily set the amount of liquid to be 
supplied per unit time to the space 56 by controlling the liquid 
supply device 1 and can arbitrarily set the amount of liquid 
to be recovered per unit time from above the substrate P by 
controlling the liquid recovery device 2. 

Fig. 2 is a partly enlarged view of Fig. 1 showing the 
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lower part of the projection optical system PL, the liquid 
supply device 1, the liquid recovery device 2 and the like in 
the exposure device EX. In Fig. 2, the lens 60 at the lowermost 
end of the projection optical system PL is formed to have a 
narrow rectangular shape in the Y-axis direction (non-scanning 
direction) excluding the part in the scanning direction that 
is needed by the tip end portion 60A. The pattern image of 
a part of the mask M is projected in a rectangular projection 
region immediately under the tip end portion 60A during the 
scanning and exposure period, the mask M moves in the -X 
direction (or +X direction) relative to the projection optical 
system PL at a speed V, and in synchronization with the movement, 
the substrate P is moved at a speed p-V (£: projection 
magnification) in the +X direction (or -X direction) through 
the XY stage 52. After the end of exposure to one shot region, 
the next shot region moves to the scanning start position by 
the stepping of the substrate P, and thereafter the exposure 
processing is sequentially carried out to each shot region by 
the step and scan method. According to the embodiment, the 
liquid 50 is made to flow in the same direction as the movement 
direction of the substrate P along the moving direction of the 
substrate P. 

Fig. 3 is a view showing the positional relation between 
the tip end portion 60A of the lens 60 of the projection optical 
system PL, the supply nozzles 4 (4A to 4C) that supply the liquid 
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50 in the X-axis direction and the recovery nozzles 5 (5A and 
5B) that recover the liquid 50. In Fig. 3, the shape of the 
tip end portion 60A of the lens 60 is a rectangular shape 
elongate in the Y-axis direction, and the three supply nozzles 
4A to 4C are provided on the +X direction side and the two 
recovery nozzles 5A and 5B are provided on the -X direction 
side with the tip end portion 60A of the lens 60 of the projection 
optical lens PL therebetween in the X-axis direction. The 
supply nozzles 4A to 4C are connected to the liquid supply 
device 1 through the supply tube 3, and the recovery nozzles 
5A and 5B are connected to the liquid recovery device 2 through 
the recovery tube 4. Supply nozzles 8A to 8C and recovery 
nozzles 9A and 9B are provided in the positions 180°C turned 
from the positions of the supply nozzles 4A to 4C and the 
recovery nozzles 5A and 5B around the center of the tip end 
portion 60A. The supply nozzles 4A to 4C and the recovery 
nozzles 9A and 9B are alternately provided in the Y-axis 
direction, and the supply nozzles 8A to 8C and the recovery 
nozzles 5A and 5B are alternately provided in the Y-axis 
direction, the supply nozzles 8A to 8C are connected to the 
liquid supply device 1 through a supply tube 10, and the 
recovery nozzles 9A and 9B are connected to the liquid recovery 
device 2 through a recovery tube 11. 

As shown in Fig. 4, supply nozzles 13 and 14 and recovery 
nozzles 15 and 16 may be provided on both sides in the Y-axis 
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direction with the tip end portion 60A therebetween. These 
supply nozzles and recovery nozzles allow the liquid 50 to be 
stably supplied between the projection optical system PL and 
the substrate P while the substrate P moves in the non-scanning 
direction (Y-axis direction) by its step movement. 

Note that the shape of the nozzles described above is 
not particularly limited and for example two pairs of nozzles 
may supply or recover the liquid 50 along the longer side of 
the tip end surface 60A. In this case, the supply nozzles and 
the recovery nozzles may be placed on each other in the vertical 
direction so that the liquid 50 can be supplied and recovered 
in any of the +X direction and the -X direction. 

Now, a recovery device 20 according to one embodiment 
that recovers liquid discharged to the outside of the substrate 
P will be descried with reference to Figs. 5 and 6. Fig. 5 
is a perspective view of the Z stage 51 (substrate state PST) 
and Fig. 6 is a sectional view showing an essential part being 
enlarged. 

In Figs. 5 and 6, the recovery device 20 includes a liquid 
absorbing member 21 provided around the substrate P held at 
a holder portion 57 on the Z stage 51. The liquid absorbing 
member 21 is an annular member having a prescribed width and 
provided at an annular groove 23 formed on the Z stage 51. A 
flow path 22 in communication with the groove 23 is formed in 
the Z stage 51, and the bottom of the liquid absorbing member 
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21 provided at the groove 23 is connected with the flow path 

22 . The liquid absorbing member 21 is made of a porous material 
such as porous ceramics. Alternatively, sponge as a porous 
material may be used to form the liquid absorbing material 21. 
The liquid absorbing member 21 made of such a porous material 
can hold a prescribed amount of liquid. 

An annular auxiliary plate 59 that surrounds the outer 
periphery of the substrate P at a prescribed width is provided 
between the liquid absorbing member 21 and the substrate P held 
at the holder portion 57. The surface of the auxiliary plate 

59 has a height substantially the same as the height of the 
surface of the substrate P held at the holder portion 57 of 
the Z stage 51. The use of the auxiliary plate 59 allows the 
liquid 50 to be held between the lens 60 of the projection 
optical system PL and the substrate P when the peripheral region 
(edge region) E of the substrate P is positioned under the lens 

60 of the projection optical system PL. The liquid absorbing 
member 21 provided to surround the outer periphery of the 
auxiliary plate 59 at a prescribed width serves to absorb 
(recover) a part of the liquid 50 that cannot be recovered by 
the liquid recovery device 2 as the second recovery device and 
is discharged to the outside of the auxiliary plate 59. 

The holder portion 57 is produced by providing a 
plurality of projections 58 used to support the back surface 
of the substrate P to a circular recessed portion formed on 
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the Z stage 51 in a size substantially the same as that of the 
substrate P. The projections 58 are each provided with a 
suction hole 24 to attract and hold the substrate P. The 
suction holes 24 are each connected with a flow path 25 provided 
inside the Z stage 51. A plurality of liquid recovery holes 
4 6 are provided in the vicinity of the outermost periphery of 
the holder portion 57 (circular recessed portion) . These 
liquid recovery holes 46 are connected with the flow path 22 
connected to the liquid absorbing member 21 . Note that another 
flow path different from the flow path 22 in connection with 
the liquid absorbing member 21 (groove 23) may be provided to 
connect to the liquid recovery holes 46. 

The flow path 22 connected to the liquid absorbing member 
21 and the liquid recovery holes 46 is connected to one end 
portion of a conduit 26 provided outside the Z stage 51. 
Meanwhile, the other end of the conduit 26 is connected to a 
pump 29 as a suction device through a first tank 27 and a valve 
28 provided outside the Z stage 51. A flow path 25 connected 
to the suction holes 24 is connected to one end of a conduit 
30 provided outside the Z stage 51. Meanwhile, the other end 
of the conduit 30 is connected to a pump 33 as a suction device 
through a second tank 31 and a valve 32 provided outside the 
Z stage 51- The liquid discharged to the outside of the 
substrate P is recovered together with the ambient gas (air) 
from the absorbing member 21 and the liquid recovery holes 46. 
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The liquid discharged to the backside of the substrate P is 
recovered from the suction holes 24 together with ambient gas 
(air) . The methods of recovering the liquid will be detailed 
later. The liquid (water) and the gas (air) recovered from 
the liquid absorbing member 21 and the liquid recovery holes 
46 and the suction holes 24 are separated and temporarily stored 
in the first tank 27 and the second tank 31. The gas/liquid 
separation prevents the liquid from coming into vacuum pumps 
29 and 33 serving as vacuum sources, so that the vacuum pumps 
29 and 33 can be prevented from being damaged. The first and 
second tanks 27 and 31 are provided with discharge flow paths 
27A and 31A, so that a prescribed amount of the stored liquid 
is discharged from the discharge flow paths 27A and 31A using 
a water level sensor or the like. 

Note that another flow path different from the flow path 
22 (the tank 27, the valve 28, the vacuum pump 29) connected 
to the liquid absorbing member 21 (the groove 23) may be 
provided and connected to the liquid recovery holes 46. In 
Fig. 5, a moving mirror 54X extending in the Y-axis direction 
is provided at the end of the +X side of the Z stage 51, and 
a moving mirror 54Y extending in the X-axis direction is 
provided at the end of the Y-side. The laser interferometer 
directs laser light against the moving mirrors 54X and 54Y to 
detect the position of the substrate stage PST in the X-axis 
direction and the Y-axis direction. 
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Now, the process of carrying out exposure to the 
substrate P using the pattern of the mask M by the exposure 
apparatus EX described above will be described. 

When the mask M is loaded on the mask stage MST and the 
substrate P is loaded on the substrate stage PST, the control 
device CONT drives the liquid supply device 1 and the liquid 
recovery device 2 to form the immersed part with the liquid 
50 in the space 56 (see Fig. 1) . The control device CONT 
illuminates the mask M with exposure light EL by the 
illuminating optical system IL and projects the pattern image 
of the mask M on the substrate P through the projection optical 
system PL and the liquid 50. In this example, while the shot 
region in the vicinity of the center of the substrate P is 
exposed with the light, the liquid 50 supplied from the liquid 
supply device 1 is recovered by the liquid recovery device 2 
and is not discharged to the outside of the substrate P. 

Meanwhile, as shown in Fig. 6, when the immersed part 
between the projection optical system PL and the substrate P 
is in the vicinity of the edge region E, the edge region E of 
the substrate P may be subjected to exposure processing, so 
that the liquid 50 can continue to be held between the 
projection optical system PL and the substrate P by the 
auxiliary plate 59, but the fluid 50 may partly be discharged 
to the outside of the auxiliary plate 59 in some cases, and 
the discharged fluid 50 is absorbed (recovered) by the liquid 
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absorbing member 21. At the time, the control device CONT 
starts to drive the liquid supply device 1 and the liquid 
recovery device 2, opens the valve 28 and starts to drive the 
pump 29. Therefore, the liquid 50 recovered by the liquid 
recovery member 21 is sucked by the pump 29 serving as a suction 
device and collected into the first tank 27 as it is drawn 
through the flow path 22 and the conduit 26 together with the 
ambient air. 

The liquid 50 discharged through the gap between the 
substrate P and the auxiliary plate 59 is drawn together with 
the ambient air to the side of the flow path 22 through the 
liquid recovery holes 4 6 provided at the backside surface of 
the substrate P, and recovered to the first tank 27 through 
the conduit 26. 

The liquid 50 coming to the backside surface of the 
substrate P through the gap between the substrate P and the 
auxiliary plate 59 can come into the suction holes 24 that 
attracts and holds the substrate P. The suction holes 24 are 
connected to the pump 33 serving as a suction device through 
the flow path 25, the conduit 30, and the second tank 31 as 
described above, as the valve 32 is opened and the pump 33 is 
driven, the substrate P can be attracted and held on the Z stage 
51, and the liquid 50 coming into the suction holes 24 can be 
collected to the second tank 31 through the flow path 25 and 
the conduit 30. More specifically, the third recovery device 
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that recovers the liquid 50 coming into the suction holes 24 
includes the flow path 25, the conduit 30, the second tank 31, 
the valve 32, the pump 33, and the control device CONT that 
controls to drive these elements. At the time, the suction 
holes 24 also serve as a liquid recovery hole (recovery device) 
provided at the backside surface of the substrate P. 

The liquid coming to the backside surface of the 
substrate P and the gas (air) at the backside surface of the 
substrate P come in from the suction holes 24 as with the liquid 
recovery hole 46, while the liquid (water) is dropped into the 
second tank 31, so that the liquid and the gas (air) are 
separated. The liquid stored in the second tank 31 is regularly 
recovered, so that the liquid is prevented from coming into 
the vacuum pump 33 as the vacuum source . In this way, the vacuum 
pump 33 can be prevented from being damaged. 

When the edge region E of the substrate P is subjected 
to exposure, in other words when the liquid immersed part 
between the projection optical system PL and the substrate P 
is in the vicinity of the periphery of the substrate P, the 
liquid 50 can partly be discharged to the outside of the 
substrate P. According to the embodiment, if the liquid 50 
is discharged to the outside of the substrate P, the control 
device CONT carries out at least one of the control to cause 
the liquid supply device 1 to increase the amount of liquid 
supply per unit time to the space 56 and the control to cause 
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the liquid recovery device (second recovery device) 2 to reduce 
the amount of liquid recovered per unit time from the space 
56 when the liquid immersed part is in the edge region E so 
that the space between the projection optical system PL and 
the substrate P can sufficiently be filled with the liquid 50. 
Here, during the above-described control to increase the liquid 
supply amount or the control to reduce the liquid recovery 
amount, the control device CONT may control the liquid supply 
device 1 and/or liquid recovery device 2 in response to a 
detection result of the position of the substrate P using a 
laser interferometer, or a detector that detects the amount 
of the liquid recovered (discharged) may be provided at the 
first or second tank 27 or 32 or the conduit 26 or 30 and the 
liquid supply device 1 and/or the liquid recovery device 2 may 
be controlled in response to a detection result from the 
detector . 

Note that the exposure apparatus EX according to the 
embodiment is a so-called scanning stepper. Therefore, when 
scanning exposure is carried out as the substrate P is moved 
in the scanning direction (-X direction) denoted by the arrow 
Xa (see Fig. 3), the liquid 50 is supplied and recovered by 
the liquid supply device 1 and the liquid recovery device 2 
using the supply tube 3, the supply nozzles 4A to 4C, the 
recovery tube 4, and the recovery nozzles 5A and 5B. More 
specifically, when the substrate P moves in -X direction, the 
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liquid 50 is supplied between the projection optical system 
PL and the substrate P from the liquid supply device 1 through 
the supply tube 3 and the supply nozzles 4 (4A to 4C) , and the 
liquid 50 is recovered by the liquid recovery device 2 through 
the recovery nozzles 5 (5A and 5B) and the recovery tube 6, 
so that the liquid 50 is made to flow in -X direction to fill 
between the lens 60 and the substrate P. When scanning exposure 
is carried out as the substrate P is moved in the scanning 
direction (+X direction) denoted by the arrow Xb, the liquid 
50 is supplied and recovered by the liquid supply device 1 and 
liquid recovery device 2 using the supply tube 10, the supply 
nozzles 8A to 8C, the recovery tube 11 and the recovery nozzles 
9A and 9B. More specifically, when the substrate P moves in 
the +X direction, the liquid 50 is supplied between the 
projection optical system PL and the substrate P through the 
supply tube 10 and the supply nozzles 8 (8A to 8C) , and the 
liquid 50 is recovered by the liquid recovery device 2 through 
the recovery nozzles 9 (9A and 9B) and the recovery tube 11, 
so that the liquid 50 is made to flow to fill between the lens 
60 and the substrate P. In this way, the control device CONT 
uses the liquid supply device 1 and the liquid recovery device 
2, and makes the liquid 50 flow in the moving direction of the 
substrate P. In this way, for example the liquid 50 supplied 
from the liquid supply device 1 through the supply nozzle 4 
is for example passed to be drawn into the space 56 in 
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association with the movement of the substrate P in the -X 
direction, and therefore the liquid 50 can readily be supplied 
into the space 56 with even small supply energy by the liquid 
supply device 1 . The direction in which the liquid 50 is passed 
may be switched according to the scanning direction, so that 
the liquid 50 can fill between the tip end surface 7 of the 
lens 60 and the substrate P whether in the +X direction or the 
-X direction the substrate P is scanned. Therefore, a high 
resolution and a wide depth of focus can be obtained. 

As in the foregoing, if the liquid 50 is discharged to 
the outside of the substrate P, the discharged liquid 50 is 
not left unattended but recovered by the recovery device 20. 
Therefore, the environment in which the substrate P is placed 
can be restrained from changing, and a problem such as rust 
at mechanical components around the substrate stage PST 
supporting the substrate P can be prevented. Therefore, the 
substrate P can be transferred with a pattern with a high 
precision, and a device with a high pattern precision can be 
produced. 

The liquid absorbing member 21 is provided on the 
substrate stage PST as the recovery device 20, so that the 
liquid 50 can be held (recovered) surely in a wide range. The 
pump 29 as the suction device is connected to the liquid 
absorbing member 21 through the flow path, and therefore the 
liquid 50 absorbed by the liquid absorbing member 21 is 
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constantly discharged to the outside of the substrate stage 
PST. Therefore, the environment in which the substrate P can 
be further restrained from being changed and the weight change 
of the substrate stage PST because of the liquid 50 can be 
prevented. During the exposure to the substrate, the pump 29 
may be stopped and the liquid 50 discharged to the outside of 
the substrate P may be held by the liquid absorbing member 21 
or the like, and after the exposure to the substrate, the pump 
29 may be operated to discharge the liquid. Meanwhile, without 
the pump 29, the liquid 50 recovered by the liquid absorbing 
member 21 may be let to run toward the tank 27 by its own weight. 
Furthermore, without the pump 29, the tank 27 or the flow path, 
only the liquid absorbing member 21 may be provided on the 
substrate stage PST, and the liquid absorbing member 21 that 
has absorbed liquid 50 may be replaced regularly (such as on 
a lot basis) . In this way, the weight of the substrate stage 
PST may fluctuate because of the liquid 50, but the stage 
control parameter may be changed in response to the weight of 
the liquid 50 recovered by the liquid absorbing member 21, so 
that the precision of the stage positioning may be maintained. 

Since the tanks 27 and 31 that separate the liquid (water) 
and the gas (air) are provided before the vacuum pumps 29 and 
33 in order to prevent a liquid from coming into the vacuum 
pumps 2 9 and 33, the vacuum pumps 29 and 33 can be prevented 
from being broken down or damaged. 
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Note that the vacuum pumps 29 and 33 in the 
above-described embodiment may be provided in the exposure 
apparatus EX or may be provided in a factory where the exposure 
apparatus EX is provided. In the above-described embodiment, 
the tanks used to separate the liquid (water) and the gas (air) 
are provided in the vacuum system (before the vacuum pump) of 
the recovery device 20 that recovers the liquid discharged to 
the outside of the substrate P and in the vacuum system used 
to hold the substrate P by suction. However, the mechanism 
used to separate the liquid (water) and the gas (air) may be 
provided in any other place such as in a suction system (vacuum 
system) connected to another suction hole which a liquid could 
come into. The mechanism may be provided for example in a gas 
recovery system (suction system) for a gas bearing, a suction 
system used to hold the substrate P at the substrate transport 
arm by suction, or a suction system used to hold the substrate 
holding member detachably at the substrate stage by suction. 
Such a gas recovery system (suction system) for the gas bearing 
is for example disclosed by JP-A-11-166990, such a suction 
system used to hold the substrate P at the substrate transport 
arm by suction is for example disclosed by JP-A-6-181157, and 
such a suction system used to hold the substrate holding member 
detachably at the substrate stage by suction is for example 
disclosed by JP-A-10-116760, the disclosures of all these 
documents are incorporated herein by reference to the extent 
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statutorily permitted in a country (or countries) designated 
or selected in this international application. According to 
the embodiment, the mechanism such as a tank used to separate 
the liquid (water) and the gas (air) is applied to the exposure 
apparatus that carries out exposure to the substrate P while 
forming a liquid immersed region in a part of the region on 
the substrate P. The mechanism may be applied to an exposure 
apparatus that moves a substrate stage in a liquid vessel or 
an exposure apparatus that holds a substrate in a liquid vessel 
formed on a substrate stage. The construction of such an 
exposure apparatus that moves a substrate stage in a liquid 
vessel and the exposure operation thereof are for example 
disclosed by JP-A-6-124873, and such an exposure apparatus that 
holds a substrate in a liquid vessel formed on a substrate stage 
is for example disclosed by JP-A-10-303114 (U. S. Patent No. 
5,825,043), and the disclosures of these documents are 
incorporated herein by reference to the extent statutorily 
permitted in a country (countries) designated or selected in 
this international application. 

According to the above-described embodiment, the liquid 
absorbing member 21 is formed in a continuos annular shape 
surrounding the entire periphery of the substrate P, but the 
member may be provided at a part of the periphery of the 
substrate P, or provided discontinuously at prescribed 
intervals. The liquid absorbing member 21 according to the 
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embodiment is formed in an annular shape, but the member may 
have a rectangular shape or any desired shape. 

The constructions of the liquid supply device 1 and the 
liquid recovery device 2 and the position of the nozzles are 
not limited to those in the above-described embodiment, 
during the exposure processing to the substrate P, the liquid 
supply device 1 and the liquid recovery device 2 do not have 
to operate in parallel, one of them or both may be stopped as 
long as the exposure light path between the projection optical 
system PL and the substrate P is filled with the liquid 50. 

As described above, the liquid 50 in the embodiment is 
pure water. The use of the pure water is advantageous because 
the pure water is available in abundance at a semiconductor 
device factory or the like and does not adversely affect the 
photo-resist on the substrate P, the optical device (lens), 
and the like. The pure water does not adversely affect the 
environment, and the content of impurities is extremely low, 
so that the water may clean the surface of the substrate P and 
the surface of the optical device provided at the tip end 
surface of the projection optical system PL. 

The refractive index n of the pure water (water) relative 
to the exposure light EL whose wavelength is about 193 nm is 
assumed to be about in the range from 1.47 to 1.44, and when 
ArF excimer laser light (wavelength: 193 nm) is used as a light 
source for the exposure light EL, the light has its wavelength 
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shortened to 1/n, i.e., about from 131 nm to 134 nm on the 
substrate P, and a high resolution results. The depth of focus 
is expanded about n times that in the air, i.e., to about 1.47 
to 1.44 times, and therefore if the depth of focus only about 
the same as that in the case of use in the air is necessary, 
the numerical aperture of the projection optical system PL can 
be increased, and the resolution can be improved in this sense. 

According to the embodiment, the lens 60 is attached to 
the tip end of the projection optical system PL, the optical 
device attached to the tip end of the projection system PL may 
be an optical plate for use in adjusting the optical 
characteristic of the projection optical system PL such as 
aberration (such as spherical aberration and comatic 
aberration) . Alternatively, the device may be a 

plane-parallel plate that can transmit exposure light EL. 
Using the plane-parallel plate more inexpensive than a lens 
as the optical device in contact with the liquid 50, any 
substances (such as a silicon-based organic substance) that 
would degrade the transmittance of the projection optical 
system PL, the illuminance of the exposure light EL on the 
substrate P, and the homogeneity of illumination distribution 
stick to the plane-parallel plate during the transport, 
assembly, adjustment and the like of the exposure apparatus 
EX, it is only necessary to replace the plane-parallel plate 
immediately before the supply of the liquid 50, which is less 
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costly than the case using a lens as the optical device in 
contact with the liquid 50. More specifically, the surface 
of the optical device in contact with the liquid 50 is 
contaminated with scattering particles generated from the 
resist because of the irradiation of the exposure light EL or 
impurities in the liquid 50 sticking to the surface, and 
therefore the optical device must be replaced regularly. 
Therefore, the use of an inexpensive plane-parallel plate as 
the optical device allows the replacement cost to be reduced, 
shortens the time required for replacement, keeps the 
maintenance cost (running cost ) low and prevents the throughput 
from being reduced. 

If the pressure between the optical device at the tip 
end of the projection optical system and the substrate P caused 
by the flow of the liquid 50 is large, the optical device may 
be firmly fixed by the pressure rather than being replaceable. 

According to the embodiment, the liquid 50 is water, but 
the liquid may be any other liquid. If the light source of 
the exposure light EL is an F 2 laser, F 2 laser light is not 
transmitted through the water, and therefore a fluoride-based 
liquid that can transmit F 2 laser light such as fluoride-based 
oil or perf luoropolyether (PFPE) may be used as the liquid 50. 
An example of the liquid 50 may include a substance transparent 
to the exposure light EL, having a refractive index as high 
as possible, and stable to the photo-resist applied to the 
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projection optical system PL and the surface of the substrate 
P (such as cedar oil) . 

Second Embodiment 

Now, an exposure apparatus EX according to another 
embodiment of the invention will be described with reference 
to Fig. 7 . In the following description, the same or equivalent 
elements as those in the above-described embodiment are denoted 
by the same reference characters and the description will be 
simplified or omitted. The characteristic features about the 
embodiment reside in that a liquid recovery groove 35 is 
provided around the substrate P instead of the liquid absorbing 
member 21 as the recovery device and that the substrate stage 
PST and the conduit 26 are connectable/detachable . 

In Fig. 7, the recovery device 20 includes the liquid 
recovery groove 35 having a prescribed width and formed around 
an auxiliary plate 59 on a Z stage 51. A connection valve 36 
is provided at an end of the flow path 22. Meanwhile, a 
connection valve 37 connectable/detachable to/from the 
connection valve 36 is provided at an end of the flow path 26. 
When the connection valves 36 and 37 are separated, the end 
of the flow path 22 is blocked, so that the fluid 50 is not 
discharged to the outside of the stage. When the connection 
valves 36 and 37 are connected to let the end of the flow path 
22 open, so that the liquid 50 in the flow path 22 can be passed 
through the conduit 26. 
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During the exposure processing, the connection valve 36 
and the connection valve 37 are separated. Therefore, the 
substrate stage PST is separated from the conduit 26 during 
the exposure processing, and the movement in the scanning 
direction (scanning movement) and movement in the non-scanning 
direction (step movement) can smoothly be carried out. The 
liquid 50 discharged to the outside of the substrate P during 
the exposure stays in the liquid recovery groove 35 or the flow 
path 22. 

After the exposure processing, the substrate stage PST 
moves to a position for exchanging the substrate P (load/unload 
position) . At the substrate exchange position, the connection 
valves 36 and 37 are connected. When the connection valves 
36 and 37 are connected, the control device CONT opens the valve 
28 and drives the pump 29. In this way, the liquid 50 recovered 
by the liquid recovery groove 35 as the recovery device is 
discharged to the outside of the stage at the substrate exchange 
position. 

Note that according to the embodiment, the liquid 50 
recovered by the liquid recovery groove 35 is regularly (such 
as on a lot-basis) discharged to the outside of the stage, and 
therefore the size (volume) of the liquid recovery groove 35 
is set to a level at which the liquid corresponding to the amount 
of the liquid discharged per lot. In this case, the relation 
between the number of substrates to be subjected to prescribed 
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exposure processing (i.e. , a lot) and the amount of the liquid 
discharged is previously obtained, and the size of the liquid 
recovery groove 35 is set based on the relation. Alternatively, 
based on the obtained relation, the time interval at which the 
connection valves 36 and 37 are connected (i.e., the timing 
of discharging the liquid to the outside of the stage) is set. 

According to the embodiment, the liquid recovery groove 
35 is formed in a continuous annular shape surrounding the 
entire periphery of the substrate P, while the groove may be 
provided at a part of the periphery of the substrate P or 
discontinuously at prescribed intervals. The liquid recovery 
groove 35 according to the embodiment is formed in an annular 
shape but the shape may be any arbitrary shape such as a 
rectangle. A liquid absorbing member may be provided in the 
liquid recovery groove 35. 

According to the embodiment, the auxiliary plate 59 is 
provided outside the substrate P, but the liquid absorbing 
member 21 or the liquid recovery groove 35 may be provided in 
the vicinity of the outer periphery of the substrate P without 
providing the auxiliary plate 59. 

According to the embodiment, the liquid is locally filled 
between the projection optical system PL and the substrate P 
in the exposure apparatus, but the recovery mechanism that 
recovers the liquid coming into the suction hole used to hold 
the substrate P by suction as shown in Figs. 6 and 7 may be 
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applied to the liquid immersion type exposure apparatus that 
moves a stage that holds a substrate to be exposed in a liquid 
vessel, or the invention is applicable to a liquid immersion 
type exposure apparatus that holds a substrate in a liquid 
vessel having a prescribed depth formed on a stage. As 
described above, the construction of the liquid immersion type 
exposure apparatus that moves a stage holding a substrate to 
be exposed in a liquid vessel and the exposure operation thereof 
are for example disclosed by JP-A-6-124873, and the 
construction of the liquid immersion type exposure device that 
holds a substrate in a liquid vessel having a prescribed depth 
formed on a stage and the exposure operation thereof are for 
example disclosed by JP-A-10-303114 (U. S. Patent No. 
5, 825, 043) . 

Third Embodiment 

Now, with reference to Figs. 8 to 10, a recovery device 
according to another embodiment will be described. 

As shown in Fig. 8, the upper surface of the Z stage 51 
is inclined and the upper surface of a holder portion 57 that 
holds the substrate P is level. A liquid recovery groove 35 
is formed to surround the holder portion 57. At the time, the 
liquid recovery groove 35 is in an annular shape when viewed 
in a plan view, while it is inclined when viewed in a side view. 
More specifically, the liquid recovery groove 35 is formed 
along the inclination of the upper surface of the Z stage 51. 
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In this way, the liquid 50 discharged to the outside of the 
substrate P is naturally stored in the inclined lower part 35A 
of the liquid recovery groove 35. When the liquid 50 is 
recovered, it is only necessary to recover the liquid 50 stored 
in the inclined lower part 35A, and therefore the recovery 
operation can readily be carried out. 

As shown in Fig. 9(a), the liquid recovery groove 35 is 
provided at a part of the upper surface of the Z stage 51. The 
liquid 50 is stored in the liquid recovery groove 35 as a result 
of exposure. As shown in Fig. 9(b), the liquid 50 stored in 
the liquid recovery groove 35 is recovered through a tube 38 
attached to a transfer device H that loads and unloads the 
substrate P to the substrate stage PST. A tube 37 that forms 
a part of a suction device sucks the liquid 50 stored at the 
liquid recovery groove 35 when the transport device H accesses 
the substrate stage PST to unload the substrate P from the 
substrate stage after the exposure processing. 

Fourth Embodiment 

Now, a recovery device according to yet another 
embodiment will be described. As shown in Fig. 10 (a) , a liquid 
recovery groove 35 is provided at the upper surface of a Z stage 
51. The liquid recovery groove 35 is connected to a flow path 

39 penetrating through to the bottom surface side of the Z stage 
51. The flow path 39 is provided with a valve 39A. Flow paths 

40 and 41 as through holes are formed at an XY stage 52 and 
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a base 53, respectively corresponding to the flow path 39 of 
the Z stage 51. During exposure processing, the valve 39A is 
closed and as shown in Fig. 10(a), the liquid 50 is stored in 
the liquid recovery groove 35. After the exposure processing, 
a control device CONT moves a substrate stage PST to a substrate 
exchange position, and opens the valve 39A. In this way, as 
shown in Fig. 10 (b) , the liquid 50 in the liquid recovery groove 
35 is discharged to the outside of the stage by its own weight 
through the flow paths 39, 40, and 41 at the substrate exchange 
position. Note that the liquid 50 in the liquid recovery groove 
35 is preferably recovered at the substrate exchange position, 
but the discharge operation may be performed in a different 
position from the substrate exchange position. 
Fifth Embodiment 

In the above-described embodiments, the liquid supply 
device 1 supplies the liquid 50 onto the substrate P from above 
the substrate P through the supply nozzle 4, and the liquid 
recovery device 2 as the second recovery device recovers the 
liquid 50 on the substrate P from above the substrate P through 
the recovery nozzle 5, so that the liquid immersion region is 
formed on a part of the substrate P. As shown in Fig . 11, almost 
the entire liquid 50 supplied to the substrate P may be 
recovered by the recovery device 20 provided at the substrate 
PST without providing the liquid recovery device 2 (recovery 
nozzle 5) above the substrate P. Fig. 11 shows the supply 
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nozzles 4 and 8 provided on the sides of the projection region 
of the projection optical system PL (optical device 60) in the 
scanning direction (X-direction) . When the liquid 50 is 
supplied at the time of carrying out scanning and exposure to 
the substrate P, the liquid 50 may be supplied from one of the 
nozzles 4 and 8 according to the moving direction of the 
substrate P . Alternatively, the liquid 50 may be supplied from 
both supply nozzles 4 and 8 at a time. The liquid 50 supplied 
from the liquid supply device 1 can widely spread on the 
substrate P and can form a large immersed region. As shown 
in the perspective view in Fig. 12, the liquid 50 supplied on 
the substrate P is subsequently discharged to the outside of 
the substrate P and almost entirely recovered by the recovery 
device 20 having a groove 23 (liquid absorbing member 21) 
provided around the substrate P as a recovery hole. Here, 
during the exposure processing to the substrate P, the liquid 
supply device 1 continues to supply the liquid 50 onto the 
substrate P and can form the immersed region successfully on 
the substrate P. The device also can create a flow of the liquid 
50 on the substrate P by the supplied liquid 50, so that the 
liquid 50 supplied onto the substrate P can always be fresh 
(clean) and the liquid 50 on the substrate P can be passed onto 
the groove 23. 

The liquid recovery device 2 as the second liquid 
recovery device recovers the liquid 50 on the substrate P by 
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suction through the recovery nozzle 5 from above the substrate 
P using a vacuum system, and the liquid (water) and the gas 
(air) are recovered together, so that the liquid may impinge 
upon the inner wall of the recovery tube 6 and make a noise 
or vibration. In this case, as in the embodiment shown in Figs . 
11 and 12, the recovery of the liquid 50 by suction from above 
the substrate P is not carried out, and only the recovery device 
20 provided at the substrate stage PST may be used to recover 
the liquid 50, so that the noise or vibration can be prevented 
during the exposure processing to the substrate P. 

In this embodiment in which the liquid is not recovered 
from above the substrate P, the arrangement shown in Fig. 7 
according to the second embodiment may be employed as the 
recovery device 20. In Fig. 7, the vacuum pump 29 does not 
suck the liquid recovered by the liquid recovery groove 35 
during the exposure processing to the substrate P, and 
therefore the noise or vibration derived from the suction of 
the liquid can be restrained, which is more effective. 

As in the foregoing embodiments, the liquid recovery 
device 2 that recovers the liquid through the recovery nozzle 
5 from above the substrate P may be provided, the liquid may 
be recovered only by the recovery device 20 without operating 
the liquid recovery device 2 during the exposure processing 
to the substrate P, and then after the exposure processing to 
the substrate P, the liquid recovery device 2 and the recovery 
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device 20 may both be used to recover the liquid 50. In this 
case, the effect of a noise or vibration derived from suction 
(recovery) of the liquid during the exposure processing to the 
substrate P may be restrained. 

Note that examples of the substrate P according to the 
embodiments described above may include a glass substrate for 
a display device, a ceramic wafer for a thin film magnetic head, 
and a mask or an original form of reticle (such as synthetic 
silica and a silicon wafer) for use in an exposure apparatus 
in addition to a semiconductor wafer used to produce a 
semiconductor device. 

In addition to the step and scan type scanning exposure 
apparatus (scanning stepper) that moves a mask M and a substrate 
P in synchronization to carries out scanning and exposure with 
the pattern of the mask M, the exposure apparatus EX may be 
a step and repeat type projection exposure apparatus (stepper) 
that carries out exposure with the pattern of a mask M at a 
time as the mask M and the substrate P are in a stationary state, 
and the substrate P is sequentially moved by on a step basis. 
The invention may be applied to a step and stitch type exposure 
apparatus that transfers at least two patterns partly 
overlapped on the substrate P. 

The kind of the exposure apparatus EX is not limited to 
the exposure apparatus used to produce a semiconductor device 
to expose the substrate P with the pattern of the semiconductor 
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device, and the invention is applicable to a wide range of 
devices including an exposure apparatus used to produce a 
liquid crystal display, and an exposure apparatus used to 
produce a thin film magnetic head, an image sensing device (CCD) 
or a reticle or mask. 

The invention is also applicable to a twin-stage type 
exposure apparatus. The construction of the twin stage type 
exposure apparatus and the exposure operation thereof are 
disclosed by JP-A-10-163099, JP-A-10-214783, 

JP-A-2000-505958, andU. S. Patent Nos . 6, 341, 007, 6, 400, 441, 
6,549,269, and 6,590,634, and the disclosures of these 
documents are incorporated herein by reference to the extent 
statutorily permitted in a country (or countries) designated 
or selected in this international application. 

When a linear motor is used for the substrate stage PST 
or the mask stage MST, either an air floating type using an 
air bearing or a magnetic floating type using Lorentz force 
or reactance force may be employed. The stages PST and MST 
may move along a guide or may be a guideless type without a 
guide. An example of the use of a linear motor for a stage 
is disclosed by U. S. Patent Nos. 5,623,853, and 5,528,118, 
and the disclosures of these patents are incorporated herein 
by reference to the extent statutorily permitted in a country 
(or countries) designated or selected in this international 
application . 
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As a driving mechanism for each of the stages PST and 
MST, a plane motor may used. With the motor, a magnetic unit 
including magnets in a two-dimensional arrangement and an 
armature unit including coils in a two-dimensional arrangement 
may be opposed to each other, so that the generated 
electromagnetic force drives each of the stages PST and MST . 
In this case, one of the magnetic unit and the armature unit 
may be connected to stages PST and MST, and the other of the 
magnetic unit and the armature unit may be provided on the side 
of the moving surface of the stages PST and MST. 

The reaction force generated by the movement of the 
substrate stage PST may be lost mechanically to the floor 
(ground) using a frame member, so that the force is not 
transmitted to the projection optical system PL. A method of 
processing the reaction force is for example disclosed in 
detail by U. S. Patent No. 5,528,118 ( JP-A-8-166475) , the 
disclosure of which is incorporated herein by reference to the 
extent statutorily permitted in a country (countries) 
designated or selected in this international application. 

The reaction force generated by the movement of the mask 
stage MST may be lost mechanically to the floor (ground) using 
a frame member, so that the force is not transmitted to the 
projection optical system PL. A method of processing the 
reaction force is for example disclosed in detail by U. S. 
Patent No. 5, 874,820 ( JP-A-8-330224 ) , the disclosure of which 
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is incorporated herein by reference to the extent statutorily 
permitted in a country (countries) designated or selected in 
this international application. 

As in the foregoing, the exposure apparatus EX according 
to the embodiment is produced by assembling various sub systems 
including the elements recited in the claims so that a 
prescribed mechanical precision, a prescribed electrical 
precision, and a prescribed optical precision are maintained. 
In order to secure these precisions, adjustment is carried out 
to achieve the optical precision for the various optical system, 
the mechanical precision as for the various mechanical systems, 
and the electrical precisions for the various electrical system 
before and after the assembling. The process of assembling 
the various sub systems into the exposure apparatus includes 
mechanical connection between the various sub systems, wiring 
connection between electrical circuits, and tube connection 
between pneumatic circuits. It is understood that these 
various sub systems must be assembled individually before the 
process of assembling the sub systems into the exposure 
apparatus. After the process of assembling the sub systems 
into the exposure apparatus ends, total adjustment is carried 
out so that various kinds of precisions for the exposure 
apparatus as a whole are secured. Note that the manufacture 
of the exposure apparatus is desirably carried out in a clean 
room in which the temperature, cleanliness, and the like are 



controlled. 

As shown in Fig. 13, a micro-device such as a 
semiconductor device is produced by designing the function and 
performance of the micro device (step 201), producing a mask 
(reticle) based on the designing step (step 202), producing 
a substrate as a base material for the device (step 203), 
carrying out exposure processing to the substrate using the 
pattern of the mask by the exposure apparatus EX according to 
the above-described embodiment (step 204), assembling the 
device (including dicing, bonding, and packaging) (step 205), 
and inspecting (step 206) . 



INDUSTRIAL APPLICABILITY 
According to the invention, discharged liquid if any is 
not left unattended but is recovered by a recovery device. 
Therefore, inconveniences derived from the discharged liquid 
can be prevented, and a device having a high pattern precision 
can be produced. 
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CLAIMS 



1. An exposure apparatus that transfers a pattern image 
on a substrate through a liquid and then carries out exposure 
to the substrate, comprising: 

a projection optical system that projects the pattern 
image on the substrate; and 

a recovery device that recovers the liquid discharged 
to the outside of said substrate. 

2. The exposure apparatus according to claim 1, further 
comprising a substrate stage that holds said substrate, wherein 
said recovery device has a recovery portion provided at said 
substrate stage. 

3. The exposure apparatus according to claim 2, wherein 
the recovery portion of said recovery device is provided at 
least at a part of the periphery of a holding portion provided 
at said substrate stage to hold the substrate. 

4. The exposure apparatus according to claim 2, wherein 
the recovery portion of said recovery device includes a liquid 
absorbing member provided at said substrate stage. 



5. The exposure apparatus according to claim 4, wherein 
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said liquid absorbing member includes a porous member. 

6. The exposure apparatus according to claim 2, wherein 
the recovery portion of said recovery device includes a liquid 
recovery groove provided at said substrate stage. 

7. The exposure apparatus according to claim 2, wherein 
the recovery portion of said recovery device includes a 
recovery hole provided at said substrate stage. 

8. The exposure apparatus according to claim 2, wherein 
said recovery device recovers the liquid coming to the backside 
of said substrate held at said substrate stage. 

9. The exposure apparatus according to claim 2, wherein 
said recovery device discharges the liquid recovered by said 
recovery portion when said substrate stage comes to a substrate 
exchange position . 

10 . The exposure apparatus according to claim 2, further 
comprising a suction device that sucks the liquid recovered 
by the recovery portion of said recovery device. 

11 . The exposure apparatus according to claim 2, further 
comprising a tank that collects the liquid recovered by the 
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recovery portion of said recovery device. 

12 . The exposure apparatus according to claim 1, further 
comprising a supply device that supplies a liquid between said 
projection optical system and said substrate, wherein said 
supply device increases the amount of liquid to be supplied 
when the liquid immersed portion between said projection 
optical system and said substrate is in the vicinity of the 
periphery of said substrate. 

13 . The exposure apparatus according to claim 1 , further 
comprising a second recovery device that recovers liquid on 
said substrate, wherein said second recovery device reduces 
the amount of liquid to be recovered when the liquid immersed 
portion between said projection optical system and said 
substrate is in the vicinity of the periphery of said substrate. 

14 . The exposure apparatus according to claim 1, wherein 
the substrate stage that holds said substrate has a suction 
hole to hold said substrate by suction, 

said exposure apparatus further comprising a third 
recovery device that recovers the liquid discharged to the 
outside of said substrate and coming into said suction hole. 

15. The exposure apparatus according to claim 14, 
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wherein said third recovery device includes a separator that 
separates a gas and the liquid introduced from said suction 
hole . 

16 . The exposure apparatus according to claim 1, wherein 
said recovery device includes a separator that separates the 
recovered liquid and a gas recovered together with the liquid. 

17 . The exposure apparatus according to claim 1, further 
comprising a second recovery device that recovers the liquid 
on said substrate from above said substrate. 

18 . The exposure apparatus according to claim 1, further 
comprising a liquid supply device that supplies the liquid onto 
said substrate from above said substrate, and almost the entire 
liquid supplied onto said substrate is recovered by said 
recovery device. 

19 . An exposure apparatus that transfers a pattern image 
on a substrate through a liquid and then carries out exposure 
to the substrate, comprising: 

a projection optical system that projects the pattern 
image on the substrate; 

a liquid supply mechanism that supplies the liquid from 
above said substrate; and 
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a recovery device that recovers the liquid supplied from 
said liquid supply mechanism, 

said recovery device not recovering the liquid from above 
said substrate. 

20 . An exposure apparatus that transfers a pattern image 
on a substrate through a liquid and then carries out exposure 
to the substrate, comprising: 

a projection optical system that projects the pattern 
image on the substrate; 

a suction system that has a suction hole; and 

a recovery device that recovers the liquid sucked through 
said suction hole. 

21. The exposure apparatus according to claim 20, 
wherein said recovery device separates the liquid and a gas 
sucked through said suction hole. 

22. The exposure apparatus according to claim 20, 
wherein said suction hole is provided to hold an object in a 
prescribed position. 

23. The exposure apparatus according to claim 22, 
further comprising a substrate stage, said object is a 
substrate, and said suction hole is provided at said substrate 
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stage to hold the substrate by suction. 

24 . An exposure apparatus that transfers a pattern image 
on a substrate through a liquid and then carries out exposure 
to the substrate, comprising: 

a projection optical system; 

a substrate stage that holds said substrate; and 
a recovery device that has at least a part provided at 
said substrate stage and carries out liquid recovery. 

25. The exposure apparatus according to claim 24, 
wherein said recovery device recovers the liquid coming to the 
backside surface of said substrate. 

26. The exposure apparatus according to claim 24, 
wherein said recovery device has a recovery portion at an upper 
surface of said substrate stage. 

27. The exposure apparatus according to claim 26, 
wherein said substrate stage has a holding portion that holds 
the backside surface of said substrate and said recovery device 
has an additional recovery portion at said holding portion. 

28. The exposure apparatus according to claim 24, 
wherein said recovery device includes a liquid absorbing 
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member . 



29. The exposure apparatus according to claim 24, 
wherein said recovery device has a groove provided at said 
substrate stage. 

30. The exposure apparatus according to claim 24, 
wherein said recovery device has a separator that separates 
the recovered liquid and a gas. 

31. The exposure apparatus according to claim 24, 
wherein the liquid recovered by said recovery device is 
discharged as said substrate stage moves to a prescribed 
position . 

32. The exposure apparatus according to claim 31, 

* 

wherein said prescribed position includes a substrate exchange 
position. 

33. The exposure apparatus according to claim 24, 
further comprising an interferometer mirror provided at said 
substrate stage, and the liquid recovery portion of said 
recovery device is provided near said interferometer mirror. 

34 . A device manufacturing method that uses the exposure 
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apparatus according to any one of claims 1, 19, 20, and 24. 

35. An exposure method of carrying out exposure to a 
substrate by transferring a prescribed pattern image on the 
substrate using a projection optical system, comprising the 
steps of: 

supplying a liquid between said projection optical 
system and said substrate from above the substrate; 

recovering said supplied liquid from a position outside 
the substrate and lower than the substrate; and 

carrying out exposure to said substrate while said liquid 
is supplied and recovered. 

36. The exposure method according to claim 35, further 
comprising recovering said supplied liquid from above the 
substrate . 
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